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(54) Automatic device for determining print quality on bottles of any shape 



(57) Automatic device for determining print quality 
on bottles of circular, elliptical or polygonal cross-sec- 
tion, comprising at least one print quality inspection sta- 
tion in which a cylindrical portion of the image surface is 
photographed by a camera or video camera, means for 
transferring the object to successive inspection stations 
in succession, in each of which a further portion of the 
image is photographed, means for assembling the 
images acquired in each inspection station to obtain the 
overall image of all the photographed portions, compa- 
rator means for comparing the overall image with a ref- 
erence image, and means for indicating non-conformity 
between the overall acquired image and the reference 
image and for operating an actuator which feeds the 



object carrying the non-conforming overall image to a 
rejected object collection line, in which a single inspec- 
tion station comprises means for rotating the image-car- 
rying object through an angle of at least 360° with 
continuity, one video camera arranged to photograph in 
succession an image portion after each rotation of the 
bottle through an angle equal to 360° divided by the 
total number of images to be acquired, means for 
assembling the acquired images to obtain the overall 
image of all the portions photographed, and comparator 
means for comparing the overall image with a reference 
image. 




FIG.1 



Pf lned by Xerox (UK) Business Services 
2.1S.7 (HRS)y3.6 



EP 999 047 



Page 2 of 12 



EP 0 999 047 A1 



Description 

[0001 ] This invention relates to devices for monitor- 
ing the quality of silk-screen printing on plastic or glass 
bottles of any shape. 

[0002] In the known art this monitoring is effected 
by video cameras arranged to photograph individual 
images of the object to be inspected in successive posi- 
tions, and compare them with a like number of reference 
images to determine any discrepancies. 
[0003] In particular, the known devices for monitor- 
ing print quality on bottles of circular cross-section com- 
prise a number of successive inspection stations, in 
each of which a video camera photographs the image of 
the bottle to be inspected in a determined position. 
[0004] ti the device comprises two stations the bot- 
tle is rotated through 180° prior to the second station, so 
that by placing the two acquired images side by side an 
image of the entire bottle surface is reconstructed, this 
then being compared with the reference image. 
[0005] If there are three image inspection stations, 
the bottle has to be rotated through 120° prior to each 
station following the first. 

[0006] It is also known that the photographic image 
of a circular or otherwise non-flat object presents distor- 
tions commencing from the centre plane. These distor- 
tions are greater the smaller the radius of curvature of 
the object surface, and the larger the lens opening 
angle, for equal distances between the object centre 
and the lens. Consequently the known devices have the 
drawback of lack of photographic accuracy in proximity 
to the lateral portions of the image. 
[0007] In the known art this drawback is reduced by 
providing at least four inspection stations each compris- 
ing its own video camera, and means for rotating the 
object through 90° between one station and the next, 
but this in addition to being complicated is also of high 
cost 

[0008] The object of the invention is to overcome 
the stated drawbacks within the framework of a flexible, 
rational and low-cost solution. 
[0009] Said object is attained according to the 
invention by a device for determining the quality of silk- 
screen printing on objects which comprises only one 
image inspection station provided with a single video 
camera and, upstream of the inspection station, an ini- 
tial positioning station for the bottle to be inspected. 
[0010] Specifically, the invention uses a single 
video camera arranged to acquire at least two succes- 
sive images of the bottle while this is rotated at constant 
speed by suitable means within the single inspection 
station. 

[0011] Said images are acquired by known means, 
each image being acquired after each rotation of the 
bottle through an angle equal to 360° divided by the 
total number of images to be acquired. 
[0012] The invention also comprises upstream of 
the inspection station a positioning station in which the 



2 

bottle is positioned with the desired orientation relative 
to a fixed angular reference device. This is achieved by 
suitable means for sensing a fixed reference device 
positioned on the bottle and arranged to interact with it 

5 to position the bottle with the required orientation. 
[0013] The acquired images are then compared 
with a reference image to evaluate any print imperfec- 
tions. The invention is also provided with selector 
means arranged to separate those bottles presenting 

w imperfections from those judged perfect during inspec- 
tion. 

[0014] The constructional characteristics of the 
invention will be more apparent from the ensuing 
description of a preferred embodiment thereof illus- 
is trated on the accompanying drawings, on which: 

Figure 1 is a schematic view of the device of the 
invention; 

Figure 2 is a partly sectional view of the device of 
20 the invention, taken from above; 

Figure 3 is a section on the line Ill-Ill of Figure 2; 
Figure 4 is a cross-section on the line IV-IV of Fig- 
ure 2; and 

Figure 5 is an enlargement of a part of the invention 
25 shown in Figure 2. 

[0015] Said figures show the device 1 for determin- 
ing the quality of silk-screen printing on bottles of circu- 
lar cross-section, the device comprising a positioning 
30 station 2 preceding the image inspection and acquisi- 
tion station 3. Above the station 3 and exactly coaxial 
with its centre, there is positioned a video camera 4 as 
shown in Figures 3 and 4. 

[0016] The positioning station 2 and inspection sta- 

35 tion 3 are respectively preceded and followed by identi- 
cal stations 5, 6 and 7, through which the bottle passes. 
[001 7] The sole purpose of the station 5 is to act as 
a parking station before the bottles 8 are fed to the posi- 
tioning station 2, whereas the stations 6 and 7 act as 

40 intermediate stations before the bottle is fed to the 
selector device 9. The number of said stations 5, 6 and 
7 can vary depending on the line in which the device 1 
of the invention is to be installed, and in fact could be 
dispensed with in certain embodiments of the invention. 

45 [0018] The device 1 for determining print quality 
comprises a frame 10 supporting all the stations 5, 2, 3, 
6, 7, these being equidistant and aligned horizontally. 
Said frame 10 comprises two uprights 11 fixed to the 
base 13 and each supporting an internally hollow cylin- 

so drical sleeve 14 for receiving a rod 15. 

[0019] With reference to Figures 2 and 5. to the 
front ends of the two rods 1 5 there is fixed a bar 1 6 hav- 
ing a plurality of holes for receiving shafts 50 of the sta- 
tions 5, 6 and 7, and shafts 20 and 30 of the stations 2 

55 and 3. 

[0020] In front of the bar 1 6 there is provided a sec- 
ond bar 17 supporting rods 19, 20. 21, 22 and 23, all 
identical, which at that end facing said bar 16 comprise 
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idly mounted frusto-conical nosepieces 24 arranged to 
interact with the mouth of the bottle. The rods 19/22 
and 23 are exactly coaxial with the shafts 50 of the sta- 
tions 5, 6 and 7, whereas the rods 21 and 31 are coaxial 
with the shafts 20 and 30. At their free end, the shafts 50 5 
support circular seats 51 arranged to interact with the 
base of the bottle 8. 

[0021] Both the shafts 20 and 30 are mounted on 
the bar 16 by way of usual ball bearings 100, and are 
rotated by a usual pneumatic actuator 32, which trans- 10 
mhs motion to them via a toothed belt 33 engaging two 
pulleys, 121 and 131 respectively, mounted on said 
shafts 20 and 30. The pulley 131 is coupled to the shaft 
30 by a usual key 34, whereas the pulley 121 does not 
transmit motion directly to the shaft 20 but is coupled to 15 
a frontal clutch device 40. Said device comprises a cou- 
pling 41 arranged to engage a flange 42. 
[0022] The coupling 41 is fixed to the pulley 21 by a 
screw 43, the entire unit being mounted on the shaft 20 
by way of ball bearings 44 and 45. The flange 42 is cou- 20 
pled to the shaft 20 by a key 46. Said flange 42 can slide 
longitudinally on the shaft 20 to be positioned in a first 
position in which it engages the coupling 41 to rotate the 
shaft 20, and in a second position in which it is disen- 
gaged from said coupling 41 but engages the bar 16. 25 
The engagement or disengagement of the flange 42 by 
the coupling 41 is effected by the operator on the basis 
of the cross-sectional shape of the bottle to be 
inspected, as explained hereinafter. 
[0023] With reference to Figure 5, the front part 200 30 
and 300 of the shafts 20 and 30 which emerges from the 
bar 1 6 comprises a block 48, which is fixed to the end of 
said shafts and has a central hole for passage of a usual 
spring-loaded expeller 49 emerging from the ends of 
said shafts 20 and 30. In an off-centre position said 35 
block comprises a retractable pin 52 to be inserted into 
a reference notch 53 present in the bottle, in order to 
rotate this latter. 

[0024] It should be noted that said front parts 200 
and 300 can be formed separately from the shafts 20 40 
and 30 and be subsequently screwed into them. 
[0025] An internally hollow cup-shaped member 60 
provided with an inner shoulder 61, known as the end- 
piece, for receiving the bottle base, is idly mounted on 
the parts 200 and 300 of the shafts 20 and 30. Said cup- 45 
shaped bodies comprise a rear shank 62 provided with 
a circular groove 63 for receiving a belt 64 which pre- 
vents or at least brakes any rotation of said members 60 
during the rotation of the shafts 20 and 30. For this pur- 
pose the belt 64 is fixed to the bar 1 6 by known means, so 
[0026] On the rear end of the shaft 30 there is rig- 
idly mounted a cross-shaped member 66, the mutually 
perpendicular arms of which act as an en countering 
member for the proximity sensor 67. 
[0027] The rods 15 are connected together by a 55 
rear plate 68. to which there is fixed an arm 69 con- 
nected to an assembly of usual means for moving the 
plates 16 and 1 7 away from and towards each other. 
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[0028] Tne bottles 8 are fed to the stations 5, 2, 3, 6 
and 7 by a usual conveyor 70 (moving stepwise), com- 
prising trays 71 supporting the bottles 8. Between one 
station and the next the trays 71 travel through a circum- 
ferential arc, as shown in Figure 3. 
[0029] Finally, the device of the invention comprises 
within the station 3 two identical spotlights 78 orientated 
as shown in Figure 5, to illuminate the image acquisition 
area. 

[0030] The device 1 of the invention also comprises 
a control system 99 for controlling its operation, as now 
described. 

[0031 ] Starting from the position shown in Figure 2, 
the bars 16 and 17 are moved apart to release the bot- 
tles 8 onto the underlying trays 71 , after which the con- 
veyor 70 feeds the bottles to the next station by 
undergoing forward travel, ie by causing the trays 71 to 
travel through a circular arc in an anti-clockwise direc- 
tion. Specifically, the last tray to the right of the conveyor 
70 feeds the bottle 8 to the selector device 9, which sup- 
ports it by means of the sucker 90. If the bottle is defec- 
tive, the nozzle 91 blows an air jet against the base of 
the bottle, which in this manner is urged onto a chute 
92, whereas if the bottle is free of defects it is withdrawn 
by usual means, not shown, and fed to the next produc- 
tion cycle. In contrast, the first tray 71, to the left of the 
conveyor 70, which receives the bottle from a usual 
sucker-type feed device 73. transfers it to the station 5. 
[0032] When the bottles are in position in the sta- 
tions 5, 2, 3, 6, 7 and 9, the plates 16 and 17 are 
advanced so that the bottles become supported 
between the nosepieces 24 and the seats 51 in the sta- 
tions 5, 6 and 7, and between the nosepieces 24 and 
the members 60 in the stations 2 and 3. 
[0033] The conveyor 70 then moves rearwards into 
its initial position. During this repositioning of the con- 
veyor 70 the control system causes the pneumatic actu- 
ator 32 to rotate through 240°, so rotating the shafts 20 
and 30. 

[0034] In the positioning station 2 the bottle is main- 
tained at rest between the nosepiece 24 and the cup 60, 
while the shaft 20 rotates through 450° to rotate the 
block 48 such that the retractable pin 52, while rotating, 
becomes inserted in the reference notch 53 present in 
the bottle. When this occurs the bottle is rotated by the 
shaft as far as its travel limit. In this manner the bottle is 
preset in a determined known position, so that when the 
bottle is fed to the next station 3 for image acquisition 
and recording, the pin 52, supported by the block 48 
rigid with the shaft 30, becomes directly inserted into 
the reference notch present in the bottle base in order to 
rotate it, or at most has to be rotated through only a few 
degrees to enable it to be inserted in said reference 
notch 53. 

[0035] Simultaneously with the rotation of the shaft 
20, the shaft 30 rotates through 360° to rotate the bottle 
previously positioned in the station 2. During the rota- 
tion of the shaft 30, when the first of the arms of the 
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cross-shaped member 66 passes in front of the proxim- 
ity sensor 67, this latter causes the video carhera 4 t6 
acquire images. The video camera successively 
acquires one image each time one of the arms of the 
cross-shaped member 66 passes in front of the proxim- 
ity sensor 67. 

[0036] In this manner the video camera acquires 
four images corresponding to successive 90° rotations 
of the bottle. The acquired images are then compared 
with a reference image by suitable software which also 
causes the selector device 9 to reject those bottles pre- 
senting print imperfections. 

[0037] When image acquisition is complete the con- 
veyor 70 feeds the bottles to the next station, the pneu- 
matic actuator 32 simultaneously being made to rotate 
in the reverse direction to return to its initial position, 
after which the cycle is repeated identically to the afore- 
described. 

[0038] If the cross-section through the bottles to be 
inspected is ellipsoidal, rectangular or square, the posi- 
tioning station 2 is no longer required as it is no longer 
necessary to align the bottle with a determined refer- 
ence. Consequently the shaft 20 is made idle by disen- 
gaging the flange 42 from the coupling 41 of the frontal 
clutch device 40, so that rotation of the pulley 21 does 
not cause the shaft 20 to rotate. 
[0039] In this case the cup-shaped members 60 
must evidently have a shape which matches the shape 
of the bottle base, and the belt 64 which prevents rota- 
tion of the cup-shaped member 60 mounted on the shaft 
30 is no longer required. 

[0040] Again in this case, the trays 71 are replaced 
with trays of suitable shape. 

Claims 

1 . An automatic device for determining print quality on 
bottles of circular, elliptical or polygonal cross-sec- 
tion, comprising at least one print quality inspection 
station in which a cylindrical portion of the image 
surface is photographed by a camera or video cam- 
era, means for transferring the object to successive 
inspection stations in succession, in each of which 
a further portion of the image is photographed, 
means for assembling the images acquired in each 
inspection station to obtain the overall image of all 
the photographed portions, comparator means for 
comparing the overall image with a reference 
image, and means for indicating non-conformity 
between the overall acquired image and the refer- 
ence image and for operating an actuator which 
feeds the object carrying the non-conforming over- 
all image to a rejected object collection line, charac- 
terised in that one of the inspection stations 
comprises means for rotating the image-carrying 
object through an angle of at least 360° with conti- 
nuity, a single video camera arranged to photo- 
graph in succession an image portion after each 
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rotation of the bottle through an angle equal to 360° 
divided by the total number of images to be 
acquired, means for assembling the acquired 
images to obtain the overall image of all the por- 
5 tions photographed, and comparator means for 
comparing the overall image with a reference 
image. 

2. A device as claimed in claim 1 , characterised by 
10 comprising a inspection station and, upstream 

thereof, a positioning station, in both of which an 
idly mounted nosepiece and an idly mounted seat, 
which are suitably braked, support the object and 
are caused to rotate when a locator rotating with 
is continuity within the seat becomes inserted in a 
notch present in the base of the object. 

3. A device as claimed in claim 2, characterised in that 
the rotating locator of the positioning station is 

20 made to rotate through an angle greater than 360°. 

4. A device as claimed in claim 3, characterised in that 
the rotating locator of the positioning station is 
made to rotate through an angle of 450°. 

25 

5. A device as claimed in claim 2, characterised in that 
the rotating locator of the inspecting station is made 
to undergo continuous rotations of close to 360° 
overall. 

30 

6. A device as claimed in claim 5, characterised in that 
the rotating locator of the inspection station is asso- 
ciated with an encountering member having four 
mutually perpendicular arms which interfere in suc- 

35 cession with a proximity sensor arranged to control 
the activation of the video camera. 

7. A device as claimed in the preceding claims, char- 
acterised by comprising a single motor which by 

40 way of a transmission rotates the rotating locators 
present within the seat of the positioning station 
and within the seat of the inspection station. 

8. A device as claimed in claim 7, characterised in that 
45 the locator rotating within the seat of the pre-posi- 

tioning station can be disengaged from the drive 
motor. 

9. An automatic device for determining print quality on 
so objects of circular, elliptical or polygonal cross-sec- 
tion, associated with a stepwise conveying line for 
the objects comprising a first horizontal crosspiece 
fixed to the machine base and carrying a series of 
idle equidistant nosepieces, a second crosspiece 

55 parallel to the first and carrying a series of seats 
aligned with said nosepieces, means for moving 
said two crosspieces towards and away from each 
other at each step of the conveying line, and at least 
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one video camera overlying at least one of said 
nosepieces. characterised in that two .consecutive 
seats of said series are braked, said seats compris- 
ing a rotating locator in their interior, said rotating 
locators being connected to a single motor which 5 
rotates them at different speeds which decrease in 
the direction of advancement of the objects. 

1 0. A device as claimed in claim 9, characterised in that 
the rotating locator in that seat positioned upstream w 
in the direction of advancement of the objects is 
connected to its transmission via a disengagable 
clutch. 

1 1 . A device as claimed in claim 9, characterised in that is 
the rotating locator in that seat positioned down- 
stream in the direction of advancement of the 
objects is connected to an encountering device with 
four mutually perpendicular arms which interfere 
with a sensor which controls the activation of a 20 
video camera overlying the conveying line at said 
seat. 

12. A device as claimed in claim 9, characterised by 
comprising a pair of spotlights, of which the axes in 25 
the vertical plane converge onto the image to be 
photographed. 

13. A device as claimed in claim 1 , characterised in that 
said video camera successively photographs an 30 
image portion at each 90° rotation of the object car- 
rying the image. 
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